played his part, for her sister recalls that on one occasion he took Sidnie to the New Forest for a week to collect butterflies.
At an early age she had acquired considerable artistic skill, to which the high standard of some paintings of butterflies, moths and fungi, executed when she was only thirteen and fourteen, bear witness. The butterfly paintings, which cover a considerable range of species, are remarkably accurate for one so young and the colour rendering is excellent. In some cases various stages of the life cycle are depicted, indicating that the insects were reared. Among those portrayed is the valezina morph of the Silver-washed Fritillary, which in Britain is virtually confined to the New Forest-presumably the fruit of the visit there with her father. This ability to draw she was later to put to good use in the illustration of scientific papers, many of which she was to embellish with figures of high quality and great complexity.
Formal education began in 1906 when she entered the school of the Froebel Educational Institute in Kensington, where she was to remain until 1917. Here the friendship of Miss Rosalie Lulham, a lecturer at the institute, further stimulated her interest in biology. Miss Lulham, author of an excellent and several times reprinted introductory zoological text that emphasizes the study of living animals, encouraged Sidnie by taking her on fungus forays with her students, and in other ways. In 1917 she moved to St Paul's Girls' School, Hammersmith. Here she came under the influence of Miss Caress, an able and stimulating teacher of biology and later headmistress of a girls' school in Leicester. Outside school, the friendship of Mr Leonard, a guide-lecturer at the Natural History Museum, reinforced her interests. All was not work, however, for she evidently played hard and was good at sports, becoming school swimming captain, and a member of the first XI hockey team.
From then on the story of her education is one of continuous success. In 1921 she won a Leaving Exhibition and was placed first on the list for major scholarships at Girton College, Cambridge, where she spent the next four years as an undergraduate, covering the expenses of the entire period by scholarships. For Part 1 of the Natural Sciences Tripos she studied botany, zoology and physiology and obtained the Montefiore Prize, while for Part 2 she read zoology and came top of the final list, but was not awarded the University Prize as women were not then members of the university. As if this academic success were not enough she was the Cambridge swimming captain in 1923 and a hockey blue in 1924. She also engaged in other sports such as deck tennis, of which she played long and furious games at the house of the Balfour Browns.
Awarded an Alfred Yarrow Research Studentship she spent the next year in Professor E. W. Macbride's department at Imperial College, London, working under the guidance of H. Graham Cannon, with whom she was to collaborate in several investigations. Cannon, a distinguished student of the Crustacea, was only a few years her senior but this early collaboration made an impression on her and throughout her life she retained a high regard for his abilities. In 1926 she returned to Cambridge where Professor J. S. Gardiner took a great interest in her work and in 1927 secured for her the appointment of University demon-strator in comparative anatomy-a significant event as such appointments had hitherto been exclusively male. She also became Supervisor in Zoology at Girton College and a Staff Fellow the following year.
In 1928, in which year she obtained her Ph.D., she visited Tasmania to study its primitive syncarid crustaceans. Her interest in these archaic malacostracans, on which, with Cannon, she had already made a study based on preserved material, may have been stimulated by Dr W. T. Caiman of the British Museum for he it was who had recognized the affinities between these animals and some fossils of Carboniferous age. Certainly Caiman took an interest in her and she greatly valued his friendship and advice, and at all events, to Tasmania she went. On the long voyage she participated actively in deck sports, for which the games of deck tennis in Cambridge had clearly provided good training for she won every event in the tournament-except the last. This was a race that involved cutting a length of tape with scissors. These were blunt and she always main tained that being left-handed was a handicap with scissors. The punters on board lost heavily on this race! From Tasmania she proceeded to Queensland to join the Great Barrier Reef Expedition for the final four months of its 13 month stay at Low Isles. Of this period Sir Maurice Yonge, the leader of that celebrated expedition writes, 'I have always said that Sidnie did as much in those few months as the rest of us did in four times that period, adding that this was no reflection on our activities, just an indication of the exceptional intensity of her own'. To her this was a never-to-be-forgotten experience for, as Sir Maurice writes, 'her exceptional capacities for observation and for illustration were given fullest range in this wonderfully rich ecosystem', where the surveying part of her work was not confined to surfaces exposed at low tide 'but continued down the seaward slopes by means of the simple diving helmet which was all that was available fifty years ago'. As its leader writes, 'she made a wonderful contribution to the results of the Expedition' and adds that 'when we separated to come home she typically chose the most exotic route via Indonesia, involving a crossing of Java. ' On her return from these adventures her time at Cambridge was occupied by teaching, demonstrating and research. To further the former, with J. T. Saunders she produced a well known practical manual on vertebrate anatomy (8) for which she prepared all the illustrations. Appearing in 1931, its success can be gauged from the fact that, revised with Dr Margaret E. Brown, a fourth edition appeared in 1969. In 1934 she became the first woman to be awarded a Cambridge Sc.D., and in 1935, when her demonstratorship ceased, she became Director of Studies at Girton College, a post she held until 1942. She continued her association with the college as a Staff Fellow until 1945 and as a Research Fellow for the next three years.
In 1937 she married Dr John Philip Harding, later to become a zoologist of repute, who proved to be an ideal partner, though it was not zoology that initially brought them together, but a common interest in lino cuts! John was a skilled craftsman who delighted in making intricate bits of apparatus. His micro-dissector, based on the principle of the pantograph, was transformed into a commercial model and he made various devices to assist Sidnie's work and frequently put his photographic skill at her disposal. Initially em ployed at the Fisheries Laboratory at Lowestoft he moved to the British Museum in 1937 and eventually became Keeper of Zoology. The move to London enabled Sidnie to do some teaching at University and Birkbeck Colleges and eventually to join the staff at King's College where she became Reader in 1949 and was to remain until 1960. Their daughter Elizabeth Anne (now Mrs Clifford) was born in 1939 and their adopted son Martyn in 1944. The de mands of young children and the exigencies of wartime led to a lull in her scientific activities but she was soon to return to zoology with her energies in no way diminished.
Leverhulme and D.S.I.R. Fellowships enabled her to relinquish her post at King's College and, mostly for administrative convenience though she did some teaching there, she became for a time an Honorary Fellow at Queen Mary College, but most of her work was carried out at the British Museum whose hospitality as an Honorary Associate she enjoyed to the end.
In her later years she was cruelly afflicted by arthritis and by cataracts. The arthritic troubles eventually necessitated the replacement of both hip joints by artificial substitutes and extensive remodelling of her wrists. A very determined woman-at one stage she retained her mobility by a mechanical aid for one of her legs constructed by John-she continued to work under conditions of extreme difficulty. Cataracts were eventually removed from both eyes but in her later years microscopy was ruled out. It was while suffering in this way that she wrote the book that was to prove a fitting climax to her career. Apart from its scientific merit, this work stands as a tribute to her indomitable spirit and it is sad that, owing to factors beyond her control, it is marred by printing errors that caused her great exasperation. She was still able to get about-and to write vigorously-at the end of 1978, but then suffered a collapse from which she succumbed in hospital on 2 January 1979.
Biographical Memoirs

S c ie n t if ic W ork
Functional morphology and feeding mechanisms of the Crustacea
Sidnie Manton's first publication was a joint work with Cannon (1) on the feeding mechanism of Hemimysis lamornae, a peracarid malacostracan of the order Mysidacea. Crustaceans often have complex feeding mechanisms whose elucidation, besides providing an intellectual challenge, can be illuminating, not only in showing how these animals carry out the vital activities of collecting and manipulating their food, but from the point of view of their evolutionespecially if the mechanisms of a series of animals are understood. Although the feeding mechanisms of a few crustaceans had been known for some time in a general sort of way the subtleties and complexities of the process in many species were at first neither appreciated nor even conceived, and this was very much a pioneering study. Nevertheless the technique was good, the observations generally sound, and a good, well illustrated account of the feeding mechanism and relevant anatomy of H e m i m y s i sw as presented. This was followed by discussion of the evolution of feeding mechanisms in crustaceans and trilobites which contained much of interest and put forward some stimulating ideas, but, not surprisingly, is now in need of modification in some respects. It was also critical of some pioneer work on Daphnia carried out by Storch, with whom Cannon was more than once in dispute, and whose views were in some respects in fact the correct ones.
Manton's next venture in this field was to investigate some points of anatomy and, so far as possible, the feeding mechanisms of two primitive lophogastrid mysids, Gnathophausia zoea and Lophogaster typicus (4). In spite of a visit to Norway in quest of living Lophogaster this work had to be carried out on preserved material but useful information was nevertheless obtained, leading to the conclusion that the lophogastrids, particularly , retain a great number of generalized features and are among the most primitive living Malacostraca. Less speculative than that on Hemimysis this paper incorporated valuable comparative features, as when the abdominal musculature of several malacostracans was compared.
She again joined forces with Cannon to study the feeding mechanisms of the syncarid Crustacea (5). Although of necessity based on preserved material of three genera-Paranaspides, Anaspides and Koonunga-interesting anatomical information bearing on their feeding mechanisms was produced. Having made such a study it must have been particularly gratifying for her to travel shortly afterwards to Tasmania where she was able to examine living examples of Paranaspides and Anaspides and to sort out details not yielded by preserved material (7, 10) . While the experienced investigator can often deduce much from anatomy there is no substitute for direct observation on the living animal, as was well shown in this case for, as Manton found in Paranaspides, there is no anteriorly directed food-bearing current in the mid-ventral groove as she and Cannon had suspected on the basis of comparison with Hemimysis. Efficient filter feeding is carried out essentially by a maxillary filtering device. Likewise Anaspides did not fulfil their expectation of being both a filterer and a raptatory feeder, but feeds by the latter method only. Ironically this had been their first impression but their work on Hemimysis led them to suspect that it could also filter. Today we would not refer to what Manton then described as a maxillary filter plate as such.
One feature of this paper deserves special mention. It was illustrated by four beautiful colour plates printed from her own water colours. Painted, as she once told the writer, to occupy her time during a particularly rainy period, these combine scientific accuracy and aesthetic appreciation in a way all too rare in scientific journals.
Although she did not again work specifically on crustacean feeding mech anisms she contributed significantly to this field by her work on mandibles to which reference is made under that heading.
Arthropod, embryology
Sidnie Manton's first publication in this field was a long and impressive account of the embryology of the malacostracan Hemimysis lamornae (3). Partly by the use of better fixatives than had previously been employed and partly by her own technical skill and grasp of the enormously complex processes that she was attempting to unravel, this work set new standards and has with justification been designated by Anderson (1973) as 'the turning point in the history of crustacean embryology'.
Originally intended as an investigation of late developments in the mesoderm and of the formation of the heart and segmental excretory organs, it developed into a full scale study which, beginning with the segmentation of the yolky egg, elucidated many of the complicated processes that give rise eventually to a very complex animal. Thus, the origin of the germ layers and the formation and closure of the blastoporal area were satisfactorily elucidated for the first time in a peracaridan. Differentiation of the germ layers and genital rudiment was shown to take place, prior to gastrulation, on the germinal disk. Gastrulation, the formation of ectoderm and mesoderm, and of what ultimately becomes the mid-gut were then described-again the first satisfactory account of the forma tion and development of the endoderm in a peracardian. Furthermore, previous work has suggested that the liver of peracardians was endodermal in origin but Manton showed it to be derived from the mesoderm in H. lamornae.
Other important advances were the revelation of preantennulary segmental mesoderm, which others had apparently seen in the Crustacea but failed to recognize, and the first clear demonstration of a seventh abdominal segment in the embryo of a eumalacostracan. The so-called sixth segment of the adult H. lamornae represents the fused sixth and seventh segments. The development of the heart and its associated vessels was traced, the fate of the genital rudiment and formation of gonoducts followed, and the intricate process whereby the major constituents of the endoskeleton are formed was also investigated, as was the development of the musculature of a typical trunk segment. As their develop ment from ectodermal infoldings and intuckings clearly revealed, certain muscles proved to be ectodermal in origin, as Cannon had found to be the case in certain branchiopods. The development of the antennal gland was also followed. This detailed study was supported by many excellent illustrations, so essential if an account of this sort is to be comprehensible.
A second massive contribution to crustacean embryology was her study of development in the leptostracan Nebalia (12), a representative of a group whose affinities had originally been in doubt and which, although already recognized as a true malacostracan, posed interesting problems. Like the study of Hemimysis this achieved high technical excellence, was supported by a wealth of detail, and was beautifully illustrated. In its embryology Nebalia proved to be clearly malacostracan and revealed nothing suggestive of linkage between the Malacostraca and other crustacean groups. In some features of its development it was shown to resemble the Peracarida, in others the Decapoda (Eucarida), though a lack of detailed information on the embryology of these two groups at the time rendered these conclusions tentative. What appear to be primitive malacostracan features, such as the origin and form of the endodermal layer, the formation of the liver by direct modification of part of the yolk sac, and the absence of any discontinuity in development between thorax and abdomen, were demonstrated. Primitive too appear to be persistent features that are shown in embryo eumalacostracans.
Onychophoran embryology also received much attention. First came a study of the means by which spermatozoa reach the ovary in Peripatopsis, and of early development of the ova (16). Some onychophorans apparently deposit large spermatophores in the female genital opening. In most of the Peripatopsidae, however, small spermatophores are deposited anywhere on the body surface of the female. How sperms find their way from these superficially attached exit-less structures to the lumen of the female genital tract was unknown, though various, as it turned out erroneous, suggestions had been put forward. Her work provided the true explanation. Beneath a spermatophore, leucocytes invade the sub cutaneous region and break through the ectoderm: both the body cuticle and attached wall of the spermatophore are ruptured. Sperms then swim through the aperture thus formed into the haemocoele and eventually reach the ovary, out side which they form a dense felt over the region that bears the egg follicles. Large numbers of them then force their way through the ovarian wall and so reach the lumen. Empty spermatophores remain attached to the cuticle, so protecting the wound made by the penetrating sperms; the ectoderm regenerates and forms a new cuticle before the next ecdysis.
The heads of the sperms in the ovarian lumen invade the cytoplasm of the earliest oogonia in large numbers and are absorbed as the oogonia divide to form ova and grow. These young ova are not invaded by any further sperms, though they are surrounded by them. Each becomes attached to the thickened germinal ridge where, surrounded by small follicle cells, it sinks into the germinal epithelium, and eventually passes right through the ovarian wall to become situated at the end of a follicular stalk. Eventually each stalk forms a hollow tube through which its associated ovum passes back into the ovarian lumen, apparently emerges from its membrane and, as a naked egg, is eventually fertilized. An interesting feature of this work was its demonstration that the sperms provide nutriment for the early ova and, as they disappear from the ovarian lumen, are probably also absorbed for the benefit of the female.
The further development of four viviparous non-placental species of Peri patopsis formed the topic of another long and detailed paper (22). This 'remains the crucial source of information on cleavage, gastrulation, segment formation and the modification associated with secondary yolk loss in the Onychophora' (Anderson, 1973) . Numerous detailed illustrations facilitated understanding of the results. Significant advances included the demonstration that the process of mesodermal somite formation is not only simpler than in most arthropods but in the majority of annelids as well. This was interpreted as a primitive feature indicative of great antiquity. It was also shown that the germ cells arise, not in the endoderm as previously supposed, but either from undifferentiated mesoderm or directly from the blastoporal area before any mesoderm has appeared, there being differences between species in this respect. No evidence was found of the existence of a pre-antennal segment. I he results enabled her to contribute usefully to the debate on the evolution of the arthropod head, of which the Onychophora display the most primitive grade, and to comment on the sig nificance of primary and secondary metamerism, and other matters of evolu tionary interest.
Her last embryological study also concerned the Onychophora. rI hat a placental relationship exists between the embryo and the oviducal wall in the viviparous neotropical representatives of the group has long been known and has excited attention because the mode of placentation is unique among inverte brates and bears a striking, superficial resemblance to that of mammals. The embryo develops a stalked placenta and the wall of the oviduct becomes highly modified in the region of attachment. However, placentation does not persist throughout development and older embryos lie free in the lumen of the oviduct. At any one time a series of embryos can be found in each of the paired oviducts, the most proximal being in the cleavage stage, the most distal-near the oviducal aperture-being a well developed young Peripatus. What was not understood was how, although initially attached to the oviducal wall, the embryos move towards the exit, and it was to this problem that, in collaboration with D. T. Anderson (59), she addressed herself.
The precise relationship between the embryos and the oviduct having been ascertained, it was found that the device employed is basically simple. The oviduct grows at the proximal end where cleavage stages are from time to time implanted, and is resorbed towards the distal end. Developing embryos are, as it were, carried along on a conveyor belt. A curious feature of this unique system is that while placentation is important during gastrulation, segment formation and the early differentiation of organ systems, it becomes redundant as soon as the latter become functional.
In 1960 Manton was able to bring her embryological knowledge to bear in a critical manner on a theory of head segmentation in arthropods. As she was able to point to discrepancies between the true situation and the alleged facts on which the theory was based, she found herself in disagreement with its entire conclusions. The article that invoked her criticism was published in Biological Reviews, a journal in which one does not normally expect to find reviews up ended, but, so fundamental were her disagreements, that it published her rebuttal (42) in the next issue.
The evolution of arthropodan locomotory mechanisms
In 1950 there appeared the first of a series of eleven major publications (23, 24, 25, 32, 34, 35, 44, 49, 51, 58, 60) on the locomotion of terrestrial arthropods. For breadth of coverage, wealth of detail, and the production of new information these and some shorter supporting papers occupy a unique place in the study of this group. As she herself has recorded (43) the work began in a small way when Sir James Gray, then Professor of Zoology at Cambridge, took for her a short length of cine-film of a living Peripatus. He could scarcely have anticipated the ultimate outcome.
An outstanding feature of the Arthropoda is the enormous diversity of structure and habits exhibited by its component groups. While the correlation of structure and habits in respect of the arthropod head had long been recognized because of the obvious importance of feeding habits and a concentration there of sensory receptors, much less attention had been paid to the trunk of terrestrial forms before she began her work. An important outcome of her investigations was that, in addition to showing how diverse arthropods use their legs, it revealed how features of the trunk are intimately related to habits of life and showed how important it is when analysing how an animal works to know under what circumstances its structural peculiarities may be expected to be utilized. Structure, function, and ways of life are intimately related, and only by under standing their interplay would studies such as those upon which she embarked make sense or reveal their implications for evolution.
The animals with which she began illustrate this very nicely. The Onychophora possess a suite of features, including a scute-less, flexible body wall, unstriated muscle fibres (except perhaps in the jaw muscles), and jaws of a unique kind, so unlike those of most arthropods that some would have excluded them from this group. Manton, however, showed that all these characteristics are interrelated and are connected with the ability to deform the body to such an extent that Peripatus novaezealandica for example can work its way through a circular hole in a piece of card less than 12% of the resting cross sectional area of its own body. No scute-bearing arthropod could perform such a feat, nor could one equipped with mandibular tendons and adductor muscles, nor, probably, could an animal with striated muscle which frequently contracts by 20% or less as compared with the much greater contractability of unstriated muscle. Such deformability, which onychophorans owe to their 'skeleton' of connective tissue below the ectoderm on to which muscles are inserted, enables them to penetrate deeply into decaying logs where they are free from the atten tion of predators and the threat of desiccation.
For studies on locomotion the Onychophora constituted a well chosen starting point for, although Manton began by assuming what she herself later showed to be a false premise, namely that the onychophoran lobopodium was derived from the annelidan parapodium (though she did not believe that polychaetes were the direct ancestors of arthropods), the locomotory mechanisms of these animals provide the key to our understanding of those found in their scute bearing relatives to which they are not, however, ancestral. They nevertheless appear to stand nearer to the ancestral stock, whatever that might have been, from which the arthropods were derived and to which, without imputing ancestry to them, the annelids presumably give some clues locomotion-wise. In the Onychophora she showed how the longitudinal trunk muscles, which originally probably provided the main propulsive force via lateral undulations of the body, as in many polychaete annelids, now serve to maintain rigidity in the body wall by interaction with the antagonistic circular, dorso-ventral and oblique muscles and thus permit the operation of extrinsic limb muscles which provide the propulsive force, while the rigidity and length of the legs themselves is controlled by intrinsic muscles. Onychophorans were shown to have a variety of gaits which merge into one another. The duration of the pace, the relative durations of the forward and backward strokes, the angle of swing of the legs and the phase difference between successive legs, vary independently, and therefore can alter both speed and stride length. Changes in gait were also shown to be accompanied by changes of ± 12% of body length and by alterations in the length of the legs. The fastest speeds, when the animal is in 'top gear', are achieved by long extensions of the body and legs, and gaits with backstrokes of short duration. Clearly the animal's anatomy suits a wide range of locomotory behaviour. Another interesting fact to emerge was that longitudinal co-ordination between legs of one side is stronger than the transverse co-ordination between legs of a pair.
When the work was extended to other groups the range of gaits displayed by the Onychophora was found to be sufficiently wide to provide a common origin for all the more specialized types of gaits demonstrated in what she later came to recognize as the Uniramia. Evolution of gaits in different groups was shown to have involved a loss of this original versatility in the interests of proficiency in one particular type, and was of course related to the acquisition of an articul ated exoskeleton. This permitted the development of longer legs, which brought with it not only the problem of avoiding interference of one leg with another-a problem easy to appreciate in many-legged arthropods in which the fields of movements of successive pairs of legs overlap-but that of effecting easy change in leg length. A leg does not merely swing back and forth about its insertion: it is stretched forward, placed on the ground, flexes until its footfall becomes level with the leg base during the first part of the backstroke, then extends until the tip is raised. Such changes in shape and effective length require complex musculature. Greater precision of stepping therefore became a prerequisite not merely for further advance but for survival, and efficient co-ordination between legs of a pair essential.
To such evolutionary problems Manton addressed herself, the breadth of approach being particularly noteworthy. Gaits and associated features were investigated in great detail by various techniques-flash or cine-photography, the analysis of tracks made on smoked or zinc oxide-coated paper, or of foot prints made by a 'boot' fitted to a particular leg of a centipede or millipedeand special methods were devised for the solution of particular problems. Thus millipedes were harnessed to sledges or induced to carry loads in order to reveal the force they were capable of exerting. All this was related to the detailed anatomy of the animals concerned, much new anatomical information being produced, and the functional significance of many features was made plain.
Because, as Manton showed, gaits play such an important role in the lives of these animals it was perhaps not surprising that they were found to be related to the form of the body and the number and shape of the segments in each group. Morphological specializations enabled particular gaits to become ever more specialized at the expense of others, and ultimately gave rise to structural features diagnostic of different groups. These she studied in great detail, the results occupying some 960 pages in the main series of publications alone.
In the Onychophora changes in speed are effected largely by alteration of the gait, the duration of each pace changing little. Among myriapods, however, while a given species may use a series of gaits, changes in speed are achieved mainly by alterations in pace duration, faster patterns of gait being associated progressively with shorter pace durations and larger angles of swing of the legs.
Extensive comparative studies revealed that the most primitive myriapod locomotory mechanisms are the slow gaits of epimorphic chilopods, the slow gaits of pauropods, and those of symphylans, all of which nevertheless show advances on onychophoran gaits made possible by the nature of the exoskeleton and muscles. At the other extreme, among centipedes, the long-legged, swift running Scutigera was shown to be a supreme example of advancement and specialization. The latter conclusion, based initially on a detailed functional analysis of trunk morphology, was particularly interesting as a study of the head had previously led Fahlander to conclude that the Scutigeromorpha were the most primitive of centipedes. Before she had herself studied the feeding of Scutigera Manton explained this apparent contradiction chiefly in terms of habits (30), whose importance in evolution she frequently stressed. It was only necessary to suppose that the ancestors of Scutigera lived much in the open before they acquired the extreme specializations associated with long legs to see how they could avoid those head specializations of scolopendromorph and lithobiomorph centipedes that are associated with hunting and feeding in narrow crevices in which they can move rapidly. Subsequently, however, she investigated the head and feeding mechanism of Scutigera in great detail (48, 49) and showed that it has not merely avoided the specializations of other centipedes but has developed its own in relation to its distinctive way of life and that, far from being primitive, most of the features of the head, like those of the trunk, are highly specialized. Trunk specializations of Scutigera include long legs with elaborate joints and 39 extrinsic muscles per leg, extreme tergite heteronomy, and muscle connections that perfect its anti-undulation mechanism without which such long legs and rapid running would be impossible.
Scutigera was but one of the centipedes studied. Others with different habits, abilities and structural peculiarities were also investigated in detail. Apart from producing enormous advances in knowledge of the locomotory mechanisms and associated anatomical features of individual species, important generaliza tions emerged. For example the gaits of epimorphic and anamorphic centipedes were shown to be fundamentally different and to represent developments of the 'middle' and 'top gear' gaits of onychophorans respectively-though this does not imply that centipedes are derived from onychophorans. Gaits in fact proved to be valid and important criteria of phylogeny.
The importance of persistent habits was also revealed by her extensive studies on the Diplopoda. Here many conspicuous characteristics of the trunk were shown to be correlated with the habit of head-on pushing into soil or debris using the motive force of the legs. She then went on to show how this bulldozer like habit has been perfected in the iuliform millipedes and has given rise to the 'flat-back' pushing exploited by the Polydesmida, and wedge-pushing in the Nematophora and Colobognatha. With these habits were associated the evolution of things like their inflexible armour, diplosegments, a pushing collum (a specialized dorsal sclerite) or a dorsal surface expanded to form keels, as well as their many legs of specialized structure and position of origin. The gait adopted could have been derived from the 'bottom gear' gait of the Onychophora. Another habit that has been important in their structural evolution is that of rolling into a tight spiral, and the several methods of so doing were investigated.
Among the wealth of information provided on diplopod locomotion perhaps nothing was more remarkable than that on sliding sternites, though so many interesting things were brought to light-such as the discovery of synovial cavities at all the leg joints of the Polydesmida-that the choice of examples is not easy. When legs are used in unison for pushing, considerable power can be developed by them alone, but several groups of diplopods have devised a means of calling upon extra muscles to add remotor force to legs so used. The sternites are free from the rest of the skeleton and can slide backward and forward relative to it, being powered by trunk musculature which thus provides extra power for pushing. Sliding sternites also enhance the range of leg movement in fast running: they slide forward during the forward stroke and backward during the propulsive backstroke.
Besides millipedes that have followed the evolutionary routes just mentioned some display secondary deviations and their habits demand different morpho logical specializations. Such is the lysiopetaloid , a carnivorous scavenger which is, for a millipede, fleet of foot, and in which Manton demonstrated convergent similarities to chilopods. More remarkable are the curious Pselaphognatha, represented by the tiny Polyxenus lagurus that she studied in great detail. Its abilities include those of penetrating narrow crevices and walking on their smooth ceilings where it is so much at ease that moulting in that position presents no problem. Many anatomical features proved to be related to such habits. For example its skeletomuscular system and cuticle are characterized by extreme lightness of construction. Manton graphically contrasted it with the battleship-or bulldozer-like heavy millipedes by likening its construction to that of a toy glider made of linked struts of balsa wood and boxed in by tissue paper. Besides throwing much new light on Polyxenus she concluded that, contrary to prevailing opinions, neither its morphology nor its locomotory mechanism is primitive, and that the Pselaphognatha is in fact one of the most specialized orders of the Diplopoda-a conclusion still contested by some.
The small myriapod classes Pauropoda and Symphyla also received attention, the latter being of particular interest in view of its possible role in the origin of hexapods. When she first analysed symphylan gaits-readily derivable from onychophoran-likc 'bottom' and 'middle-gear' gaits-and found there, and in no other myriapods, the full range of hexapod gaits, Manton supported the idea of a common origin of the Symphyla and Hexapoda (30). Her later comparative work on the construction of the legs, however, revealed deep-seated differences between these groups (51), and her work on mandibles (see below) suggested that an animal with a symphylan type of mandible could not be ancestral to any type of either apterygote or pterygote insect. She therefore concluded that while the gait patterns seen in the Symphyla could be the forerunners of those of insects this only means that the ancestors of hexapods may have used their legs in this manner and that this is not to be regarded as evidence of an archisymphylan ancestry of insects.
It was not in the Symphyla alone but in all myriapods that Manton recognized features different from those of hexapods that suggested to her an early separa tion of ancestral stocks. This, she believed, ruled out a derivation of hexapods from myriapods. The coxa-body articulation, to which she paid great attention, proved to be so different in myriapods and hexapods that she found it inconceiv able that one type could have given rise to another. Exactly the same conclusion was reached when leg rocking mechanisms were compared. Furthermore her quite separate studies showed the mandibular mechanisms of myriapods and hexapods to be so different as to indicate that there can be no close connection between them, though there is evidence of a very distant common origin.
Her work on hexapod locomotion also had far-reaching implications. Again her work on coxa-body articulations and leg mechanisms led her to conclude that the conditions displayed by the hexapod classes, Collembola, Protura, Diplura, Thysanura and Pterygota, are mutually exclusive and that they cannot have given rise to one another, though she later thought it just possible that the Thysanura and Pterygota may have shared a remote common ancestor. Thus, she argued, these orders must have evolved in parallel from ancestors with lobopodial limbs and little trunk sclerotization. Furthermore, as she believed that incipient thoracic legs, differentiated from abdominal limbs, could not increase in size until articulation of trunk and limbs had taken place, she was convinced that the ancestors of the hexapod classes could not have been hexapodous but multi-legged. Thus phrases such as 'the ancestral hexapod' become meaningless because she believed there never could have been such an animal. Differentiation of the three thoracic segments from the rest was envisaged as taking place concomitantly with improvements in the articulated skeleton and the establishment of the different leg mechanisms representative of the various classes.
Not all these conclusions have met with universal acceptance, some ento mologists being reluctant to recognize a five-fold origin for the hexapods, a matter referred to further in a subsequent section. Nevertheless as the mech anical advantages of the hexapodous condition can account for the convergent evolution of walking on three pairs of legs in animals as different as certain crabs, prawns and arachnids, similar independent evolution of this habit several times among the multi-legged ancestors of the present-day hexapods would not be surprising. Furthermore, her work gave a revealing insight into the functional significance of the hexapod thorax and the arachnid prosoma. It can easily be appreciated that if a multi-legged animal attempts to increase its leg length and running speed it will encounter mechanical difficulties. Reduction of the number of legs to three or four on each side enables them to be fanned out so that their fields of movement are separated and no crossing occurs during the recovery stroke, and a wide range of gaits becomes practicable.
In hexapods, Manton again considered a variety of animals. Orthodox locomotion and unusual means of progression, such as the jumping of collembollans and thysanurans, were investigated. Here she made one of her rare mistakes in her interpretation of the high escape jump of the thysanuran Petrobius, whose anatomy she revealed with her usual skill. Her explanation of this exceedingly rapid event was based on the marks left on smoked paper by jumping and alighting individuals, and it was only when Evans (1975) filmed the jump and ascertained the position of the body at intervals of about 1 ms throughout the process that a fully correct interpretation could be made. She was annoyed with herself for this understandable misinterpretation, but was able to give a correct version in her subsequently published book.
By the time she had progressed this far she had shown that, in spite of differences that preclude the derivation of any one of these groups from the other, the relatedness of the Onychophora-Myriapoda-Hexapoda assemblage is, as she put it, beyond question, and she proceeded to recognize this by proposing a new taxon. For this she chose the name Uniramia because of their primitively uniramous limbs and took a step taken by very few by proposing that this new entity merited the rank of a phylum.
This enormous study was completed by an account of locomotion and associated morphology in the Arachnida, on which group she had already given information on the role of hydrostatic pressure in leg extension (38), and by a comparison of the locomotory mechanisms of arachnids and hexapods.
Arachnid stepping is unique in that it does not involve a promotor-remotor swing of the leg base on the body, to which the coxa is almost or entirely fixed in a rigid manner. Arachnids solved the problem of how to step on land by other means and, as she showed, every order did so independently. Instead of a promotor-remotor swing taking place at a coxa-body joint, many arachnids secondarily achieve such a swing about a vertical axis at another joint situated near to the base of the leg, the location being in different places in different orders. Scorpions do not even employ a promotor-remotor swing but have developed rocking, combined with simple flexure and extension of the podomeres, as the main means of stepping, while spiders have exploited rocking to the full by modifying four joints in each leg for this purpose. Such fundamental differences suggest considerable independence in the evolution of the various arachnid groups.
This final paper in the series also gave a general review of the habits, morpho logy, especially musculature, and evolution of the Uniramia. Before this she had made a diversionary study of the peculiar polychaete annelid Spinther (52) in order to test the contention of Sharov that it is related to hypothetical lobopod annelids which arose from the Ctenophora and gave rise not only to other annelids but also, and separately, to the Onychophora and, via another hypo thetical group, the Proboscifera, to the rest of the arthropods. The results, apart from providing no evidence for Sharov's theory, showed quite clearly that the biramous parapodium of this annelid is not a lobopodium, and gave her the opportunity to describe the structure and mode of action of the onychophoran lobopodium in some detail. In these respects it is entirely unlike a parapodium but is easily referable to a jointed leg. This information she integrated with other topics in this final paper of her marathon series and showed how the jointed legs of the Uniramia, and their musculature, might have been derived by a series of functional stages from lobopodia. She also considered the role of diversification of habits in uniramian evolution, the problem of emergence onto the land, and other topics pertinent to the evolution of locomotory mechanisms in the group, thus winding up a series of studies probably without parallel in the investigation of arthropods. Indeed, as Schram & Hedgepeth (1978) recently said, thanks to these 'impressive researches', 'the study of functional morphology of arthropod locomotion has been one of the major developments in zoology in recent years'.
The mandibular mechanisms of arthropods
Arthropod mandibles are serially homologous with the locomotory limbs and, primitively, their movements are derived from those of walking legs, so it was logical that Manton's interest in leg mechanisms should have led her to a consideration of those of mandibles. As in the work on locomotion the investiga tion was wide ranging, covering all major extant arthropod groups (46, 48), and the conclusions-of far reaching significance-proved to be in full accord with those of the former studies.
Two types of primitive ambulatory limb movements were shown to have been exploited in mandibular evolution. The promotor-remotor swing of a coxa gave rise to one mechanism; the prehensile action in the transverse plane of a coxa, or coxa and its telopodite, to the other. While the first method has been exploited by both crustaceans and hexapods there is a fundamental difference between their mandibles, those of the former being derived from the proximal endites (gnathobases) of the limb, those of the latter from whole limbs.
The most primitive-but structurally complex-gnathobasic mandibles are found in branchiopod crustaceans. Manton studied those of the anostracan Chirocephalus. From these basically rolling mandibles, whose musculature and mode of action she elucidated, she showed how, by a shift in the axis of swing, enlargement of the post-axial at the expense of the pre-axial region, and the development of a posterior incisor process, a measure of biting has been achieved in certain malacostracans. She also showed how, by other changes, of which the loss of the transverse mandibular tendon of 'lower' crustaceans is one of the more striking, transverse biting has been achieved in other malacostracans.
Strong transverse biting has been achieved many times in arthropods both by gnathobasic and whole limb mandibles. Adduction by such mandibles is easily achieved but abduction presents complex mechanical problems. As Manton showed, this difficulty has been resolved in various, mutually exclusive, ways which point to much independent evolution. For example all myriapods employ transverse biting and all use the mobility of the anterior tentorial apodemes to provide or enhance the abductor force which opens the mandibles. However, the mechanisms in the Chilopoda, Diplopoda and Symphyla differ in such ways that none of these groups could have given rise to either of the others, and independent evolution from a common type is indicated. As in the work on locomotion her observations on the Symphyla had a bearing on the reputed role of this group in the ancestry of insects. Her findings were that the symphylan mandibular mechanism is so different from that both of the primitive Thysanura, which have rolling mandibles, and of all other hexapods, as to make a symphylan origin of insects impossible, a conclusion entirely in accord with that reached on the basis of her studies on locomotion. Indeed the mandibular mechanisms of myriapods and hexapods proved to be so different as to indicate that there is unlikely to be a close connection between the two though they probably had a very remote common origin.
Although the Chelicerata, like the extinct trilobites, lack mandibles they do have transversely chewing gnathobases and these too she investigated, making a particular study of the feeding mechanism of the xiphosuran Limulus. Such resemblances as she found between the gnathobasic mechanisms of chelicerates and crustaceans were clearly convergent, all the details being different, thus emphasizing the wide gulf that separates these groups.
A primitive thysanuran such as Petrobius has whole-limb rolling mandibles superficially similar to those of primitive crustaceans, but, as Manton showed, different in many fundamental ways, the similarities being due to convergence in appendages of unlike origin that utilize the same type of movement of an ambulatory limb. Such mandibles, she suggested, are not very different from a central type that could have given rise to other hexapod mandibles, many of them capable of strong transverse biting. They could also have given rise to the kind seen in the entognathous apterygotes. The entognathous condition in various groups was also considered and the conclusion drawn that such has been arrived at several times in accordance with functional demands, the end points differing in details. She therefore concluded that the so-called Entognatha (like the Mandibulata) is not a valid taxonomic group but the result of convergence.
Arthropod evolution
Diverse as they were, Sidnie Manton's studies on arthropods were related by the unifying theme of evolution. Although some of the implications of her early work were pointed out when appropriate it was obvious that the evolutionary content of her investigations, in which arthropods had been looked at from so many points of view, was by no means exhausted by such comments and that some day a synthesis would be possible. Clearly she was in no hurry to assay this task, preferring to establish concrete facts from which sound deductions could be made rather than indulge in speculation. However, an opportunity to summarize some of her ideas arose when, following the death of Professor O. W. Tiegs, in 1956 she was asked to look at a preliminary draft of a manuscript that he had produced on arthropod evolution. This she emended and extended, the result being the well known review that appeared in 1958 (37). Here previous theories of arthropod evolution-with their merits and failings-were considered, and attention was focused on some general problems, of which one was con vergence. On this new light was later to be shed by Manton herself, as in her studies on mandibles, but it remains a thorny problem for, as she and Tiegs pointed out, there is natural hesitation in admitting convergence in the produc tion of such a complex structure as a compound eye. Nevertheless one is faced with the disconcerting problem of setting the similar eyes of crustaceans and advanced insects against the many profound differences that together seem to indicate an immense gulf between them. The case for convergence was argued then, and appears to have been strengthened since. Although similar, the compound eyes of crustaceans and hexapods are not identical. Indeed recent work, not considered by Manton, has shown that the superposition eyes of decapod crustaceans (but not of euphausids) employ mirror optics while those nocturnal insects that have superposition eyes employ refracting lens cylinders. It seems inconceivable that either of these systems can have given rise to the other or have been derived from a common type, yet both occur among eucarid crustaceans. On the other hand euphausids and insects such as nocturnal moths have very similar eyes-which differ from the ordinary compound eyes of most insects. The phyletic implications and complexities of such matters cannot be considered here, but it seems no more surprising that two kinds of superposition eyes employing different optical systems should have arisen independently in eucarid crustaceans than that one of these kinds should have arisen by conver gence in this group and in certain insects. Probably the physiological require ments for this type of vision do not permit wide deviation from the most suitable mechanism, which has therefore been convergently acquired in both groups. This problem is still with us and, while some agree with Manton, others, like Paulus (1978) do not.
Convergence has certainly been important in arthropod evolution and, prophetically, even in 1958, Tiegs and Manton were prepared to face the possibility that 'even the combination of distinctive arthropod characters ("arthropodization") may have arisen more than once.' Indeed, having con sidered the affinities and possible origins of the major arthropod groups, they were prepared not only to say that the Arthropoda may be of diphyletic or even polyphyletic origin-a matter to which Manton was to return-but to cast doubt on the cherished belief that arthropods were derived from annelids. Why, it was asked, if arthropods have arisen from the annelid-molluscan stem, do we not find the pattern of embryonic differentiation to be seen in annelids and molluscs in such animals as totally cleaving crustaceans that have nauplius larvae, in onychophorans, or in myriapods ? Such things led them to look again at the features accepted as evidence of annelid-arthropod relationshippossession of a coelome, metameric segmentation, ventral nerve cords, serially repeated appendages and coelomoducts, a dorsal blood vessel in which blood flows anteriorly, and the presence of extracellular chitin or keratin-like sub stances. Such attributes, they felt, could have been independently acquired. A coelome, segmentation and extracellular keratin-like substances, have indeed been acquired elsewhere in the animal kingdom in groups certainly not related to arthropods. Thus, it was suggested, the Arthropoda may have evolved, not from the Annelida, but from another group of pre-Cambrian segmented coelomate worms which has left no traces.
An opportunity to update parts of this review came with the invitation to contribute two chapters to the relevant volume of the Treatise on Invertebrate Paleontology, one on the classification of arthropods (54), the other on the evolution and affinities of some of the major groups (55). That, although not herself a palaeontologist, Manton was asked to make these contributions bears testimony to her influence on the study of arthropods and represented a welcome link between palaeontologists and neontologists.
By 1972, her studies on locomotion and mandibles behind her and the relationships of parapodia, lobopodia and jointed legs resolved, she returned to the theme of evolution in a lecture on arthropod phylogeny given to the Systematics Association (61). By now she had an enormous amount of factual informa tion to hand derived from studies on functional morphology carried out by herself and others, mostly during the previous forty years, and from Anderson's embryological investigations. This gave her the satisfaction of being able to say that, although presenting only a short summary and outline conclusions, these were based not on speculation but on sound factual evidence. She rightly pointed out that many previous speculations concerning arthropod relationships lacked any functional consideration and stressed that unless the functions of the various parts of an animal are understood in some detail, which means gaining an understanding of how the whole organism works, no sound conclusions can be reached. The importance of the comparative approach was also emphasized. Her belief that its usefulness cannot be overestimated will be shared by all who have ventured into the field of functional morphology.
From the mass of available information she now drew the conclusion that the Arthropoda probably represents a polyphyletic assemblage, arthropodization having probably occurred at least three times to give rise to the Crustacea, Chelicerata and Uniramia, each of which merit the rank of a phylum. She also suggested that when the Uniramia left the sea they probably had a soft body and lobopodial limbs and showed incipient cephalization. She also reiterated that only the muscular haemocoelic mechanism of movement of the lobopodium, but not that of a parapodium, could have given rise to a jointed uniramian limb. Her conclusions concerning the differentiation of the three component groups of the Uniramia (subphyla in her scheme) on the basis of mandibular mech anisms, associated head structure, and limb bases are most clearly appreciated from the diagram that she prepared (figure 1). This also summarizes her ideas on the divergence of the myriapod classes, whose morphological distinctions go hand in hand with habits, and expresses her views on the independent evolution ---------, ,----------------------------------------------------- of the five hexapod classes, each with its own leg base mechanism, from softbodied, multi-legged ancestors with a different head type from that of myriapods. Her ideas were further elaborated and synthesized in a book (63) published in 1977. Here, besides being able to cite Anderson's comparative embryological studies that accorded well with her earlier conclusions, she incorporated recently acquired information on ancient fossil arthropods such as that of Cisne on trilobites and of Whittington and his colleagues on a variety of remarkable creatures from the mid-Cambrian Burgess Shales of British Columbia, conclud ing that, within the polyphyletic Arthropoda, the Trilobita also possibly deserves recognition as a phylum (figure 2). This fine book, written 'in a form suitable for the general reader' and, for a work of this kind, relatively easy to read, presents the essence of many of her long and complex papers and synthesizes it with the work of others in related fields. If there is any criticism that can be levelled against it, it is that in cases where opposing views are held these are not always made fully apparent. It presents a truly Mantonian view. In part this is because some unqualified statements were intended to be dealt with in an introductory text to the arthropods which she had already begun to write. Further review articles, one on the evolution of the hexapod classes (66), the other, with Anderson (67) , specifically devoted to the topic of polyphyly, further emphasized her beliefs and contributed additional facts.
While being welcomed in many quarters, her concept of polyphyly is not everywhere regarded with favour. Indeed the whole question of monophyly or polyphyly in the Arthropoda has become a matter of great interest and argument as a result of her work and suggestions. This is no place to enter into the debate that she largely provoked save to note that there are those who, like Patterson (1978) -answered by Anderson (1979) -prefer to regard the Arthro poda as a monophyletic assemblage. Also debatable are the transformation of mechanisms and what transformations are and are not possible, bearing in mind the need to maintain functional continuity throughout. Thus, while differences in leg mechanisms that she recognized in the hexapod classes are indisputable, Kristensen (1975) believes that she overemphasized these and questions her beliefs that they are mutually exclusive and that a common ancestor is a func tional impossibility. Such arguments are likely to lead to new investigations in which her ideas and findings will play an important part. She was herself able to take part in one minor skirmish and answer those who, on the basis of dissimil arities in the bismuth-staining reaction of the Golgi complex beads of onychophorans and arthropods, suggested that present-day arthropods had a common origin and that it was unlikely that the Uniramia arose separately from a Peripatus-like ancestor. As she pointed out (64) the staining reaction is related to the presence of striated or unstriated muscle, and its significance is obscure. Such a distinction can scarcely be set against the variety of contrary evidence that she produced.
Other objections are raised by the very recent work of Hoyle and Williams (1980) on the musculature of Peripatus. This indicates that onychophorans possess not only a musculature that is unique in its gross morphology, but that they have evolved fine structural features of both muscle fibres and synapses that are to be found neither in annelids nor in the orthodox arthropod groups. As they do not find it easy to imagine how a common ancestor could have given rise to both onychophoran and hexapod features, and as similar problems arise in onychophoran-annelid relationships, Hoyle and Williams suggest that the Onychophora should be treated as a phylum in its own right. Manton was of course well aware of the unique nature of unstriated onychophoran muscle within what she conceived as the Arthropoda, and whether this new informa tion will be regarded as sufficient to cause her conclusions to be modified remains to be seen.
At all events, irrespective of evolutionary relationships involved, the lobopodial onychophoran leg is regarded by Hoyle and Williams as a useful living model of the kind of appendage from which the jointed arthropodan leg evolved, and they agree that it is here that the basic movements executed in stepping by all arthropods, regardless of leg segment complexity, are shown in the simplest form.
Whatever the final outcome of these debates, and those on other matters where Manton's vast authority is likely to be questioned, there can be no doubt that her outstanding discoveries will provide many of the basic facts on which theories can be based and that her ideas on arthropod evolution will long continue to play an influential role.
She also illuminated other aspects of evolution. Thus her work on centipedes led her to consider that fundamental arthropodan attribute the haemocoele. This probably arose by the process that Lankester called phloebedesis-the swelling of venous spaces at the expense of the coelome-but the functional significance of its evolution is less clear. Lankester suggested that it was con cerned with shape changes, local movements being easily effected by the flow of blood from one part to another and by the action of muscles at a distance. In experiments Manton found that the burrowing centipede Orya could develop a greater thrust per unit area than the non-septate part of the lugworm Arenicola, which was in turn able to thrust more strongly than the earthworm Allolobophora. The two former employ remote musculature to maintain hydrostatic pressure: Allolobophora can use only muscles at the site of the thrust. Orya uses the haemocoele and striated muscle: the worms the coelome and unstriated muscle. She therefore suggested that the evolution of a haemocoele may have been associated with shallow grubbing or burrowing on the sea bed. If associated with such a habit, towards the efficiency of which it would contribute by giving better pushing abilities, and with effecting changes of shape, she argued that its appearance must have long antedated the evolution of scutes, joints and arthrodial membranes, and that the Onychophora are conceivably descendants of this grade of advancement, though they no longer push.
Her work also had implications for taxonomy, not least in showing that attributes previously regarded as 'non-adaptive', such as the diagnostic characters of the trunk in the myriapod classes, are intimately related to habits and are of enormous functional significance (40, 41) . She also elaborated on segmentation in myriapods (62) and on the meaning of the differences which exist in the serial repetition of certain features of the trunk.
Biographical Memoirs
Other studies on the Onychophora Although her initial interest concerned their embryology, Sidnie Manton was clearly fascinated by the Onychophora with which she was familiar both as living animals and as sectioned material. Locomotion was but one of their attributes that she studied. In 1933 she enjoyed the privilege of collecting her own material in South Africa, thereby gaining a familiarity with the habitats frequented by several species that later proved valuable in interpreting the functional significance of some of their remarkable attributes. A note on the species collected was published (17) as were observations on animals which she maintained in captivity for almost four years (18). Information was provided on general behaviour, ecdysis, the life cycle, and certain parasitic infections. Many individuals of several species of Peripatopsis that she collected harboured large numbers of a coccidian parasite in the columnar epithelial cells of the intestine which, on submission to an expert, proved to be undescribed and to merit the erection of a new genus-appropriately designated Mantonella.
Although the Onychophora have a dry skin and uricotelic metabolism they lose water extremely rapidly and are therefore confined to permanently damp habitats. Experiments carried out in collaboration with J. A. Ramsay (15) showed that this loss goes on about 80 times as rapidly as in a cockroach, about 40 times as rapidly as in a smooth-skinned caterpillar, and even twice as fast as in a wet-skinned earthworm. The loss is almost certainly via the tracheae which open at an enormous number of spiracles that lack any controlling device, a fact that goes far to explain the ecological restrictions placed upon the group.
She also studied feeding, digestion and excretion in assisted in the more biochemical aspects of the work by N. G. Heatley. In a substantial paper (14) the jaws, jaw muscles, and associated skeleton, and the movements they perform in slicing the food, were described, as was the alimentary canal, details being given of the oesophageal valve, of the secretory cycle of the intestinal gland cells, the secretion and removal of the peritrophic membrane, and of digestion and absorption of the food. Excretion was found to be mainly via the intestine, urates being crystallized on the epithelial surface and then collected and removed by the peritrophic membrane. In spite of this, onychophorans retain a long series of 'nephridia' that resemble the segmental excretory organs of other arthropods and were doubtless important in removing nitro genous waste in the past, though they were shown to be unimportant in this respect today and other functions were tentatively suggested for them. The peculiar cells of the so-called pericardial network were also described.
Other zoological studies
In addition to her major enterprises, a variety of other zoological matters received Manton's attention. With Cannon she studied the segmental excretory organs of several crustaceans-the maxillary glands of a variety of branchiopods and of the syncaridan A n a s p i d e s, and the segmental organs of certain mysids, euphausiaceans and a peneid prawn (2). The condition in the primitive mysid Lophogaster, which might be expected to give some clues as to that in the ancestral peracaridans, proved interesting. Both antennal and maxillary glands were found to be well developed, a condition theoretically to be expected. Suppression of the maxillary gland on the one hand would lead to the situation in the Amphipoda; suppression of the antennal gland on the other to that in the Isopoda, Tanaidacea and Cumacea. A comparative survey of known segmental excretory organs also led to suggestions concerning the probable nature of such an organ in the primitive Malacostraca from which the type found in both peracaridans and eucaridans could be easily derived. Subsequently she carried further the study of the maxillary gland of the Syncarida on the basis of material obtained in Tasmania (9).
Many years later she joined forces with D. S. Bennett to investigate the function of the segmental organs and malpighian tubules of centipedes (47). Little was known about nitrogenous excretion in this group, statements con cerning the function of segmental organs having been made largely on the basis of their histology-a dangerous practice. Furthermore it was curious that adults of the Anamorpha possess functional segmental organs while those of the Epimorpha do not. These organs were shown not to be responsible for nitro genous excretion, which takes place chiefly via the malpighian tubules in both anamorphic and epimorphic species, material leaving the tubules largely in the form of ammonia, uric acid being formed in comparatively small amounts. The most likely function of the segmental organs in the Anamorpha seems to be the production of grooming fluids.
During the Great Barrier Reef Expedition she made a quantitative survey of the corals and algae present along two transects across the lee side of a reef (13) and a study of growth in the adult colony of the coral Pocillopora bulbosa (11). Sir Maurice Yonge regards the former 'as the most intimately detailed survey ever carried out on coral distribution over all surfaces of coral reefs' and writes that 'her semi-diagrammatic drawings of coral distribution are a wonderful revelation of the bewildering complexities of coral zonation'. Growth in Pocil lopora was followed for three months on colonies growing in the sea and her work made 'a unique contribution to knowledge about growth of the highly complex skeleton' (Yonge).
Hydroids also received attention. A paper describing two new species of Myriothela (19)-one of them the giant M. penola from the Antarctic-went much further than the provision of mere descriptions. Structural features of M. penola related to large size were dealt with, its method of attachment and mode of growth described, and growth of the blastostyle and development of the gonophores and resultant actinula larva elucidated. Subsequently she studied the hydrorhiza and unique claspers of M. cocksi (20) . The claspers are tentacle like structures that arise near the bases of the blastostyles and carry the eggs on their extremities, several claspers often adhering to one egg membrane. Her work suggested that they represent a specialized part of the hydrorhiza.
Another venture into taxonomy, undertaken as a war-time activity, involved a study of the larvae of the ptinid or spider beetles recorded in Britain (21). Adults of these damagers of stored products had received considerable attention, but the larvae of only a few species had been sufficiently well studied to permit identification. To the twelve species of which larvae were available she produced a well illustrated key.
More general was the useful introduction to the arthropods written for Chemical Zoology (56), while in 1958 she brought to notice some recent, largely Russian, work on the embryology of the Pogonophora (39). The affinities of these relatively recently recognized, deep-sea organisms that, among non-parasitic triploblastic animals are remarkable for their lack of a gut and the peculiarities of digestion which this entails, were initially puzzling. Ivanov had just produced information on pogonophoran embryology, and of this work, using his illustra tions, she gave a brief summary, noting how the features revealed confirm affinities with the Enteropneusta.
Her last investigation was a general consideration of the Pycnogonida, or 'sea spiders' (65). Her own research on these animals was relatively slight but this she supplemented by a consideration of what was known concerning body form and habits and concluded that pycnogonids probably evolved from an early arachnid group that never left the sea, and that their morphology may be related primarily to their feeding habits.
P er so n a lity a n d A ctiv ities Sidnie Manton needed a continuous outlet for her energies and was invariably busy. As a teacher she was inspiring because, as Margaret Varley who was taught by her and subsequently served as a colleague writes, 'she was interested in live animals and how they manage to flourish in their particular environments. In tutorials she would tie together taxonomy, development and feeding with the animals' structure with such enthusiasm that she carried along students who were not specially interested in zoology'. Another of her students, Professor D. T. Anderson, has similar recollections and 'learnt from her the importance of taking a whole view, of considering integrated organization and function, of making extensive comparisons before coming to any conclusion and of always being aware that there are further facts to be learned'. Dr Varley also recalls that 'she could draw sketches very rapidly and, although left-handed, could use both hands simultaneously on a blackboard. She was very critical of loose thinking and inaccuracy and always tore written work to pieces-a very salutary ex perience!' She was also interested in the welfare of the students, their food and, when at Girton, the swimming bath, being two of her concerns. Always forth right-indeed she could be brusque to the point of rudeness-she would, as Dr Varley recalls, 'support her students very loyally and had no hesitation about getting involved with authority when she thought it was acting unjustly or stupidly'.
Her forthrightness was always apparent in her correspondence, for which fortunately she used a typewriter as her writing was often illegible. One could always recognize a letter from her. The address-perhaps wrongly spelt!-would not necessarily be near the centre of the envelope, and in her enthusiasm in writing the letter itself she sometimes ran off the edge of the sheet. But the contents were always worth reading.
Always interested in sport-in her younger days she was a keen swimmer and indulged in activities as diverse as rock climbing and canoeing-she continued to play tennis until well into her sixties and would doubtless be the first to appreciate the functional significance of her spare and angular frame in such activities. It was indeed when she fell three times during a game of tennis that the first real hint of the arthritic troubles that were to beset her was revealed.
An interest shared with her husband, John, was the keeping of animals, their garden at times being a veritable menagerie. Exotic birds of various kinds were kept in a spacious aviary, and reptiles and other creatures were often present, but eventually the animals that dominated the garden-and the housewere cats. Having decided to breed cats she inevitably did so with enthusiasm, and with a purpose. Not for her the mere production of kittens, even if they were Siamese. She needed a challenge and this was provided by the quest for fine Colourpoint cats. Colourpoints are longhaired cats with the colour pattern of the Siamese, and their production initially involved the crossing of Siamese and Longhair (Persian) cats. As self-colouring is dominant to the Siamese pattern and short hair to long, all the Fx generation of such crosses are short haired and self coloured. Manton of course knew what some cat breeders apparently did not, that when crossed these cats would produce offspring of which about 1 in 16 would be homozygous recessive for both these characters, and the desired object -a Colourpoint-would be achieved. Once produced, such cats, mated among themselves, would of course breed true for the characters in question, and she was able to proceed both to improve the appearance of things like the shape of the head and the position of the ears and to pursue the quest for lilac-and chocolate-pointed Colourpoints. This she did by judicious use of self-coloured carriers rather than merely making the direct crosses favoured by many cat breeders. Happily these handsome cats proved to have delightful temperaments and made excellent pets, an attribute that became well known when she began to show them and, inevitably, to win top awards. Soon the Mingchiu Cattery, as she called her establishment, was sending kittens to the four corners of the globe. In 1973 she was the founder of the Colourpoint Society of Great Britain, of which she later served as Chairman and was President at the time of her death. She also became Chairman of the Chocolate and Lilac Persian Cat Society which specialized in the breeding of two other self-coloured varieties in which she became interested.
Although her book Colourpoint Longhair and Himalayan Cats (57) was written specifically for cat fanciers it has also been used in university teaching. Here, in simple language, she explained the genetic principles involved in the breeding of such cats. Its value is greatly enhanced by a series of her husband's magnificent photographs which record progress from the original Colourpoints to the perfection to which she eventually brought them. Such activities made her well known among cat fanciers and the esteem in which she was held was made very apparent by the generous tributes that appeared in this country in Fur & Feather and in America in The Himalayan Society Bulletin at the time of her death.
As a cat breeder she never forgot that she was dealing with living creatures and took great care in finding good homes for her kittens, while in her book she stressed that a cat possesses intelligence and, if deprived of the opportunity to choose its own activities 'becomes a neurotic pathetic creature, however hygienic the cage or suitable the food'.
The problems of cat breeding are not all scientific. The cattery, well stocked with females, naturally proved attractive to marauding toms whose alien genes would do nothing for the Mingchiu genome and whose exclusion presented problems. One persistent Romeo called for drastic action. He was captured, taken to a vet, castrated and, having been rendered harmless, duly released! The powers that be among cat breeders also at times proved tiresome and, while she had many friends and admirers among the fraternity, she at times engaged in furious arguments with those in authority about what she regarded as the ludicrous rules concerning the acceptance of new varieties.
In addition to travels in connection with her scientific work, in 1951 as one of a group representing a wide spectrum of interests, she was invited to the Soviet Union, at that time visited by relatively few westerners. What she saw in Moscow, Stalingrad-then in process of rising from its almost complete wartime destruction-Tashkent, and several other places so impressed her that not only did she lecture, broadcast and publish articles on Russian achievements (26, 27, 28, 31, 33) but wrote a small book on her experiences (29). The latter, subsequently translated into Japanese and, in Argentina, into Spanish, covered her impressions of Moscow, family life, the health service, construction projects, biological research and other matters. On the biological side, while much impressed by the vast scale of such things as plant breeding and vernalization, she was clearly uneasy about some of the underlying theoretical concepts, for this was at the time that Soviet genetics was passing through its Michurinist phase and Lysenko was much in favour. Nevertheless she was convinced of the sincerity of those workers with whom she spoke, who were clearly not out to deceive. Her enthusiasm for the Soviet social system persisted after her visit, but while she was attracted by the communist philosophy she never joined the party and was in fact not particularly interested in politics as such.
Amid all these activities she managed to run her home and to dispense kindly advice (or, where appropriate, scathing criticism!) whether to zoologists working in her field, to palaeontologists who wondered how their animals might have worked, or to breeders of cats. That she was able to undertake so much was due in no small measure to John whose support and calmness provided a point of stability in an otherwise often hectic existence.
E p il o g u e
There are those who influence science by virtue of the position they hold or by one or a few brilliant discoveries. Sidnie Manton never even occupied a university chair but her influence was profound, long sustained and will be long felt. Unlike some work which, important as it may be at the time, is essentially ephemeral, the fruits of her labours are such as will be of value far into the future. Interpretations will doubtless change and details will be modified but she has left a monument of sound factual information based on profound knowledge, technical excellence, and amazing industry, by which she will long be remembered. Furthermore, as Professor D. T. Anderson writes, she 'set standards in her work which provided a goal to be attempted by those of us who were working on related matters'. Her work was recognized in various ways. She was elected to the Royal Society in 1948, being one of the first women to be admitted. The Linnean Society, which she served in various capacities including that of vice-president, awarded her its Gold Medal in 1963, and the Zoological Society the Frink Medal in 1977. She also received an honorary doctorate from the University of Lund, Sweden, but her chief recognition was perhaps the high esteem in which her work was held by those in a position to appreciate its real worth. She was a classical zoologist of the first rank.
I am indebted to various people who have kindly provided information, especially to Dr Manton's husband, Dr J. P. Harding, and her sister Professor Irene Manton, F.R.S., but also to Professor D. T. Anderson, F.R.S., Mr G. Blower, Sir Eric Smith, F.R.S., Dr Margaret E. Varley and Sir Maurice Yonge, F.R.S.
The photograph reproduced was taken by W. Bird in 1967. 
